Objective: For patients undergoing oncologic surgery, the quality of life (QoL) is generally accepted as an important outcome parameter in addition to long-term survival, mortality and complication rates. This study focussed on the QoL in patients after oesophagectomy for cancer, comparing the method of reconstruction (narrow gastric tube vs whole stomach). Methods: In a prospective randomised single-centre study from 2007 to 2008, 104 patients underwent oesophagectomy for cancer. To assess the QoL, a questionnaire in reference to the EORTC-QLQ-C30 and the QLQ-OES24 was administered at 3 weeks, 6 months and 1 year after surgery. Clinical data were collected prospectively, and follow-up was performed regularly. Results: There were no significant differences between the narrow gastric tube group (NGT group, n = 52) and the wholestomach group (WS group, n = 52) with regard to patient and cancer characteristics, operative procedure, postoperative intensive care unit (ICU) hospitalisation, and overall survival at 1 year. Regarding the postoperative complication, there were more cases of postoperative reflux oesophagitis and impairment of pulmonary function in the WS group (P < 0.05). Regarding the QoL investigation, the scores of QoL dropped for all patients at 3 weeks after surgery. Slowly, recovery was found at both 6 months and 1 year in both groups. Patients in the NGT group reported significantly (P < 0.05) better scores of QoL at both 6 months and 1 year. Conclusions: Patients who underwent gastric tube reconstruction develop less postoperative digestive tract complications, and have a quicker recovery and a better QoL during the follow-up period. Further investigation and data collection will allow the assessment of this procedure beyond 1 year after operation. #
Introduction
Oesophageal cancer is the sixth most common cause of cancer death. The overall survival is only 42% and 31% at 5 and 10 years, respectively [1] . Oesophagectomy is the only established curative treatment option, but it is associated with high incidence of postoperative complications and high mortality. Moreover, the standard surgical procedure of oesophagectomy for cancer is still in debate. The most frequently used technique is open transthoracic oesophagectomy with a 2-field lymph node dissection, an isoperistaltic gastric tube reconstruction and a hand-sewn end-toside anastomosis located on the left side of the neck [2] . The three potential routes of neoesophageal passage are transthoracic (oesophageal bed), substernal and subcutaneous routes. The first two routes are most often used [3, 4] .
The procedure of isoperistaltic narrow gastric tube reconstruction was proposed by Akiyama in 1972 [5] . It is widely applied nowadays and contributes to 79-90% of all the oesophagectomy for cancer worldwide [2] . Several clinical studies are focussed on the application of narrow gastric tube reconstruction [5, 6] . Most authors favour it because of fewer postoperative complications and better surgical results. However, these studies are difficult to evaluate because the population sizes are small, and there is no comparison of different surgical procedures within the groups. Moreover, there were no studies in literature comparing quality of life (QoL) with regard to the methods of reconstruction.
Besides basic data on morbidity, mortality and survival, the QoL is generally accepted as an additional outcome parameter in patients undergoing oncologic surgery, especially for patients with a comparatively poor prognosis such as those with oesophageal cancer. Oesophagectomy severely impacts on the physical, emotional and social health, and has highly negative consequences for the patients' short-term and long-term QoL [7, 8] . The postoperative complications after oesophagectomy for cancer, such as anastomotic leakage, anastomotic stricture, reflux and impairment of pulmonary function [9] (a condition in which part or all of the stomach is contained within the thorax, resulting in respiratory distress) also severely deteriorate the QoL [10] . This study is designed to compare the QoL in patients with gastric tube reconstruction and whole-stomach reconstruction after oesophagectomy for cancer. The aim was to investigate differences between surgical procedures, in terms of their impact on QoL.
Materials and methods

Patients' enrolment
Between September 2007 and July 2008, 104 of the 112 consecutive patients who underwent surgery for oesophageal cancer in our department were included in this prospective study. Eight patients with tumours infiltrating into other organs or distant metastases were excluded from this study. Patients were randomised to receive either the narrow gastric tube reconstruction (NGT group, n = 52) or wholestomach reconstruction (WS group, n = 52). Informed consent was obtained from all patients, and the study was approved by the local ethics committee. Oesophagectomy was performed on all patients with localised oesophageal cancer.
Surgery
For the patients with the tumour located in the upper twothirds of the oesophagus, a cervical manual anastomosis was used. The operation was started with a right posterolateral thoracotomy in the fifth interspace. The mediastinum was dissected from the diaphragm to the apex of the chest. The abdomen was explored through a midline incision. In the NGT group, the gastric tube substituting the oesophagus was created by serial applications of a linear-cutting stapling device, TLC 55 (Ethicon, Stockholm, Sweden), parallel to, and at a distance of 3-4 cm from the greater curvature, starting approximately 2-3 cm proximal to the pylorus at the Crow's foot (the right gastric artery was preserved). An anastomosis was created between the end of the oesophagus and the gastric tube. In the WS group, the stomach was mobilised and an anastomosis was created between the end of the oesophagus and the fundus of the stomach. A pyloroplasty was done routinely in both groups.
For the patients with the tumour located in the lower twothirds of the oesophagus, a stapled intrathoracic anastomosis was performed. The operation was started with the gastric mobilisation, and finished with the anastomosis in the right chest. The dissection and handling of the stomach and oesophagus were consistent with that of the neck anastomosis. Circular stapling device (Premium CEEA or Premium CEEA Plus, Autosuture, Stockholm, Sweden) cartridges were used to construct the oesophagogastric anastomosis in the right apex of the chest.
Irrespective of the site of anastomosis, all gastric tubes were placed in the posterior mediastinum. After operation, all patients were admitted into intensive care unit (ICU). The same protocol of enteral nutrition or intravenous nutrition was followed. The combination chemotherapy of docetaxel and cisplatin was provided to all the patients.
QoL assessment
A questionnaire (including 25 items of QoL) in reference to the EORTC-QLQ-C30 (version 3.0) and the QLQ-OES24 was delivered to the patients at 3 weeks, 6 months and 1 year after surgery. The QLQ-C30 contains scales and items addressing functional aspects of QoL, and symptoms that commonly occur in patients with cancer. Version 3.0 differs in three aspects from version 1.0: the role functioning and overall QoL scales have changed, and the dichotomous response format of the items of the physical and role functioning scale has been replaced by four-point response categories [11] . The QLQ-OES24 contains 24 questions (items), in a similar layout and response format to the core questionnaire. It was designed for use in patients with oesophageal cancer undergoing surgery, chemotherapy, radiotherapy and/or endoscopic treatment.
Patients were asked to grade on a scale of 1-4. A scoring of QoL from 0 to 100 was thus created. A total score above 81 is considered reflecting a good QoL. All patients completed this questionnaire at regular intervals throughout the study (3 weeks, 6 months and 1 year after surgery).
Randomisation
Randomisation was performed in the operating room in a blind manner for both the patient and the surgeon, using the sealed envelope technique after the patient's eligibility was confirmed. Patients were randomised to receive either whole-stomach reconstruction or gastric tube reconstruction. This protocol was designed to prevent surgeon-specific selection bias. It is also blind for the medical and nursing staff taking care of those patients after surgery in the ICU.
Statistical analyses
Nominal data were calculated with the x 2 test and Fisher's exact test for the qualitative data. Comparisons between both groups were made by the t-test for independent samples in case of normal data distribution, and the Mann-Whitney U test in case of non-normal data distribution. A P value of <0.05 was regarded as significant. The SPSS statistical package 8.0 was used for the statistical testing.
Results
Patient and cancer characteristics
Of all 104 patients (81 males and 23 females), 103 were followed up until death, or the end of the study period. The follow-up rate was 99%. The average age was 60.1 AE 6.8. Tables 1 and 2 show the patient characteristics and the cancer characteristics, respectively. There were no differences in the age, sex, preoperative diet, forced expiratory volume in 1 s (FEV1; %), tumour site, histopathologic cell type and tumour-node-metastasis (TNM) pathologic stage between the two groups.
Surgical data and adverse events 3.2.1. Operative procedure
Oesophagectomy was performed on 104 patients (52 in the NGT group, and 52 in the WS group). Cervical manual anastomosis was performed on 13 patients, while stapled intrathoracic anastomosis was performed on 91 patients.
Both study groups did not differ significantly with regard to the site of anastomosis, operation time and blood loss ( Table 3) .
Postoperative ICU hospitalisation
All patients were admitted into the ICU after surgery. There were no significant differences in the ICU stay, gastrointestinal decompression and chest drainage between the two groups (Table 4) . Table 5 showed the postoperative complications. Three patients in NGT group and 11 patients in the WS group developed postoperative reflux oesophagitis (RE) (P = 0.04).
Postoperative complications and hospital mortality
In the NGT group, there was one case of anastomotic haemorrhage, and one with damage of the recurrent laryngeal nerve. In the WS group, there was one patient with chylothorax and two with impairment of pulmonary function (Table 5 ). For all the other items, the difference was not significant.
Regarding the hospital mortality, all were in the WS group. There was one patient who died of bleeding caused by stress ulcer, and another died of pneumonia in the early postoperative period. No hospital mortality recurred in the NGT group. No local recurrence of tumour recurred in both the groups.
Overall survival
During the follow-up period of 12 months, 13 of the 104 patients died (four in the NGT group, and nine in the WS group). Except for the causes mentioned above, patients also died of multiple-organ failure (MOF), cachexia and other nutrition-related complications. The overall 1-year survival was 88%. The overall 1-year survival of patients in the NGT group was 92%, and 84% of patients in the WS group. The difference is not significant.
QoL investigation 3.3.1. Results of 25 items on the questionnaire
Questionnaires were sent to patients at 3 weeks, 6 months and 1 year after surgery. Patients in the NGT group had significantly less reflux than those in the WS group at 3 weeks, 6 months and 1 year. For the postoperative diet and dysphagia, difference was not significant at 3 weeks and 1 year, with an exception at 6 months. No difference in the physical function was reported at 3 weeks, while at 6 months and 1 year, patients in the NGT group presented significantly better physical function in the WS group. Patients in the NGT group developed significantly less dyspnoea at 3 weeks and 6 months; however, this difference was resolved during the observation period of 1 year. For all the other 20 items, difference was not significant (Table 6 ).
Postoperative scores of QoL
Three weeks after operation, the scores of QoL had dropped for all patients. The average scores are less than 75 in both groups (P = 0.44). In the following months, this value increased continuously. At the time of 6 months, it was more than 75 in both groups, and the difference was significantly (P = 0.02) higher for the patients in the NGT group. The same significance (P = 0.04) was also seen at 1 year (Table 7) . The chi-square test and Fisher's exact test are used for this table. a Different tumour sites require different methods of anastomosis (cervical manual anastomosis and stapled intrathoracic anastomosis for the tumour located in the upper two-thirds and lower two-thirds of the oesophagus, respectively). Both are equally safe and there are no differences in the postoperative complications and survival [17] . RE, postoperative reflux oesophagitis. The diagnosis of RE was confirmed by endoscopy [6] . The Fisher's exact test is used for this table. Table 6 Average scores of QoL at 3 weeks, 6 months and 1 year among 103 patients operated for oesophageal cancer and followed until death or the end of the study period. Wilcoxon signed rank test is used for this table.
For the 'reflux', the question in our questionnaire is 'have you had heartburn, or acid coming into your mouth?'. If the answer is 'not at all', it is scored 4; if the answer is 'a little', it is scored 3; if the answer is 'quite a bit, but the medication can control it', it is scored 2; if the answer is 'very much, even the medication does not work', it is scored 1.
For the 'dyspnoea', the question is 'were you short of breath?'. If the answer is 'not at all', it is scored 4; if the answer is 'yes, it happens when I am doing heavy work', it is scored 3; if the answer is 'yes, it happens when I am doing light work', it is scored 2; if the answer is 'yes, it can happen even when I am at rest', it is scored 1.
For the 'dysphagia', the question is 'have you had trouble with swallowing food, or choked when swallowing?'. If the answer is 'not at all', it is scored 4; if the answer is 'a little', it is scored 3; if the answer is 'quite a bit', it is scored 2; if the answer is 'very much', it is scored 1.
For the 'postoperative diet', the question is 'which kind of food can you eat after operation?'. If the answer is 'able to eat anything', it is scored 4; if the answer is 'only eat soft food', it is scored 3; if the answer is 'unable to eat all soft food', it is scored 2; if the answer is 'only drink liquids', it is scored 1.
For the 'weight change', the question is 'what about your weight after operation?'. If the answer is 'it is increased', it is scored 4; if the answer is 'it keeps steady', it is scored 3; if the answer is 'I lost less than 5 kg', it is scored 2; if the answer is 'I lost more than 5 kg', it is scored 1.
Patients presenting good QoL
A score above 81 is considered as reflecting a patient's good QoL. Three weeks after surgery, seven patients in the NGT group and six patients in the WS group presented good QoL (P = 0.64). At 6 months, the number of patients presenting good QoL increased in both groups and the difference was significantly (P = 0.03) higher for the patients in the NGT group. At 1 year, continuous increase of this number was found in both groups, with the same significance (P = 0.02) of the NGT group (Table 8) .
Discussion
Although associated with a significant risk of morbidity, oesophagectomy is the only established curative treatment option for oesophageal cancer. The stomach is the most convenient oesophageal substitute, and is most widely used because it has a reliable blood supply and can be easily connected to the remaining oesophagus with a single anastomosis. However, the traditional whole-stomach reconstruction may frequently be related to postoperative complications (i.e., anastomotic fistula, delayed gastric emptying and impairment of pulmonary function) because it usually incurs high tension in the site of anastomosis, shows a tendency to decreased gastric peristalsis function and compresses intrathoracic structures (i.e., the heart, the lung) [12] [13] [14] [15] .
In our study, we prepared the gastric tube by using a linear stapler and calibrated in order to obtain a diameter of 3-4 cm. Several advantages of this application can be found in literature: (1) After tubulisation, the stomach is usually long enough (30-35 cm) to be pulled up to the neck [12] . This can decrease the tension in the site of anastomosis, making the cervical anastomosis easier and safer. (2) This technique enhances the vascularisation in the site of anastomosis, facilitating the healing process [12] . (3) After tubulisation, the stomach shows less tendency to dilatation, relieving its compression on the intrathoracic structures [13, 14, 8] . (4) The gastric tube seems to preserve most of the original gastric motor characteristics, contributing as a good substitute for the original oesophagus and stomach [16] . (5) Acid secretion is suppressed because of the truncal vagotomy and degradation of gastric mucosal blood supply [17, 18] . (6) The functional retention of gastric fluid is less common because of the small residual gastric volume, but this technique does not impact the postoperative quantity of meal intake and the nutritional status after oesophagectomy [19] .
In our study, the lumen of the gastric tube is wide enough (>3 cm) to allow a physiological-like passage of solid food, and yet narrow enough (<5 cm) to facilitate emptying and avoid refluxing. This may explain the lower frequency of postoperative digestive tract complications in the NGT group. Anastomotic insufficiency is considered to be one of the most serious complications associated with oesophageal reconstruction [20] . In our study, no difference was reported with regard to anastomotic leakage and anastomotic stricture, which was different from the study of Collard et al. [21] . This was probably because that these complications were usually determined by multi-factors. Although the whole submucosal vascular network is interrupted at the staple line in the NGT group and this inadequate blood supply is thought to be the primary cause of anastomotic leakage and anastomotic stricture [21] , some other factors, such as local infection, tension at the anastomosis site, microcirculation at the anastomosis site and hypoproteinaemia [22] [23] [24] also contribute to these complications. Further investigation should take these factors into consideration.
Results of 25 items on the questionnaire showed that patients with gastric tube reconstruction presented advantages in the following five aspects: physical function, dyspnoea, dysphagia, reflux and postoperative diet. With regard to appetite loss, food consumption and weight change, no difference was reported. This is consistent with the results of Tabira et al. [19] . This indicated contrarily that although with a small residual gastric volume (a reduction of the gastric capacity by one-third on average after tubulisation, according to Collard et al. [21] ), the gastric tube well preserved the physiological function of stomach and can function as well as the whole-stomach reconstruction [16] .
For the QoL, this study revealed significant differences between the two groups at both 6 months and 1 year after surgery. Egberts et al. [25] explained that the persistent digestive tract symptoms, such as dysphagia and reflux, may severely impact the postoperative QoL. In our study, patients in the NGT group had significantly lower incidences of reflux and impairment of pulmonary function, which correlated to their better QoL.
This study did not reveal significant difference in the overall survival at 1 year between the two groups. Further investigation is being processed in our institute to allow the comparison of long-term survival beyond 1 year.
Limitation
There was no preoperative QoL questionnaire. Thus, the power to comment on the variations before and after operation, for example, the body weight, is limited. However, the data regarding body weight at 3 weeks, 6 months and 1 year after surgery have been collected, compared and analysed (Table 6 ). Another indirect indicator for the QoL, the early satiety, is not included in our questionnaire. The two-sample t-test is used for this table. Table 8 The number of patients presenting good QoL (%). The chi-square test is used for this table.
Conclusion
The result from this prospective randomised study indicates that in contrast with traditional whole-stomach reconstruction, gastric tube reconstruction is a better choice because patients suffer less postoperative digestive tract complications, have a quicker recovery and a better QoL during the follow-up period. Further investigation and data collection will allow the assessment of this procedure beyond 1 year after surgery.
